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Abstract
Hancornia speciosa Gomes (Apocynaceae) is a fruit tree, popularly known as mangabeira,
and it is widely distributed throughout Brazil. Several parts of the plant are used in folk medi-
cine, and the leaf and bark extracts have anti-inflammatory, antihypertensive, antidiabetic, and
antimicrobial properties. In this study, we investigated the chemical composition of the ethano-
lic extract of Hancornia speciosa leaves (EEHS) and its antioxidant, antimicrobial, and cyto-
toxic activities as well as the mechanisms involved in cell death. The chemical compounds
were identified by liquid chromatography coupled to mass spectrometry (LC-MS/MS). The
antioxidant activity of the EEHS was investigated using the method that involves the scaveng-
ing of 2,2-diphenyl-1-picrylhydrazyl free radicals as well as the inhibition of oxidative hemolysis
and lipid peroxidation induced by 2,2’-azobis (2-amidinopropane) in human erythrocytes. The
antimicrobial activity was determined by calculating the minimum inhibitory concentration, min-
imum bactericidal concentration, minimum fungicidal concentration, and zone of inhibition.
Kasumi-1 leukemic cells were used to assess the cytotoxic activity and mechanisms involved
in cell death promoted by the EEHS. The chemical compounds identified were quinic acid,
chlorogenic acid, catechin, rutin, isoquercitrin, kaempferol-rutinoside, and catechin-pentoside.
The EEHS demonstrated antioxidant activity via the sequestration of free radicals, inhibition of
hemolysis, and inhibition of lipid peroxidation in human erythrocytes incubated with an oxidiz-
ing agent. The antimicrobial activity was observed against American Type Culture Collection
(ATCC) and hospital strains of bacteria and fungi, filamentous fungi and dermatophytes. The
cytotoxic activity of the EEHS was induced by apoptosis, reduction of the mitochondrial mem-
brane potential, and activation of cathepsins. Together, these results indicate the presence of
phenolic compounds and flavonoids in the EEHS and that their antioxidant, antimicrobial, and
cytotoxic activities in acute myeloid leukemia cells are mediated by apoptosis.
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Introduction
The cerrado region (Brazilian Savannah) of Brazil covers approximately 2 million km2 and
corresponds to approximately 22% of the Brazilian territory [1]. This biome has a wide variety
of medicinal plants used in folk medicine. Many of these plants have been investigated, and
their antioxidant [2], antimicrobial [3], antidiabetic [4], anti-inflammatory [5], and cytotoxic
[6] activities, among others, have been scientifically proven.
One of the medicinal plants found in the Brazilian cerrado is Hancornia speciosa Gomes
(Apocynaceae), popularly known as mangabeira. In this species, the roots have antihyperten-
sive and wound-healing activities [7]; the bark has antidiabetic, anti-obesity, antimicrobial,
and gastroprotective activities [3,8,9]; the latex has anti-inflammatory activity [10]; and the
leaves have antihypertensive [11], vasodilator [12,13], anti-inflammatory [14,15], and antidia-
betic [4] activities and are used for treatment of dysmenorrhea [16].
Presently, there is a growing demand for natural products with therapeutic activities,
including antioxidant activity, which can overcome the harmful effects of free radicals [17],
and low toxicities compared with synthetic antioxidants that are widely used in food products,
cosmetics, and drugs [18,19].
Among the main chemical compounds responsible for the antioxidant activities of medici-
nal plants, phenolic compounds and flavonoids are the most prominent because of their roles
against oxidative stress [20,21].
These compounds also have antimicrobial activities [22]. These properties have attracted
scientific interest because 60% of the antimicrobial drugs discovered in the past few decades
are of natural origin [23]. Furthermore, the number of pathogens that are resistant to commer-
cial antimicrobials has increased [24].
In addition, compounds derived from natural sources have great potential as anticancer
drugs, and 51% of the drugs currently available for treatment of this pathology are directly or
indirectly derived from natural products [23]. Among these compounds, phenolic compounds
and flavonoids from several plant species have cytotoxic activities against different cell lines,
including leukemic cell lines [2,25,26].
In this context, the aim of this study was to determine the chemical composition of the etha-
nolic extract of Hancornia speciosa Gomes leaves and evaluate its antioxidant, antimicrobial,
and cytotoxic activities in vitro using the acute myeloid leukemia cell line Kasumi-1.
Materials and Methods
Ethics of Experimentation
The H. speciosa Gomes leaves were collected following the identification of the plant and
authorization of the SISBIO (Sistema de Autorização e Informação em Biodiversidade, permit
number 54470–1). The protocol to collect of human peripheral blood, was approved by the
Research Ethics Committee (Comitê de E´tica em Pesquisa; CEP) of the University Center of
Grande Dourados, Brazil (CEP process number 123/12). All subjects provided written
informed consent for participation.
Plant Material and Extract Preparation
The H. speciosa Gomes leaves were in Dourados, Mato Grosso do Sul (S 21˚59’ 41” and W 55˚
19’ 24”), Brazil, oven-dried with the air circulation at a temperature of 45 ± 5˚C, and then
ground in a Willy-type knife mill. An exsiccated sample was deposited in the Herbarium of the
Federal University of Grande Dourados, Mato Grosso do Sul, Brazil, with registration number
4774.
Pharmacological Effects of Hancornia speciosa Leaves
PLOS ONE | DOI:10.1371/journal.pone.0167531 December 1, 2016 2 / 19
design, data collection and analysis, decision to
publish, or preparation of the manuscript.
Competing Interests: The authors have declared
that no competing interests exist.
The extract was then prepared by macerating the plant material in an ethanol 96% (1:10)
mixture at room temperature for 14 days. Then, the extract was filtered, the filtrate was con-
centrated in a rotary vacuum evaporator (Gehaka, São Paulo, SP, Brazil), freeze-dried to obtain
a calculated specific yield of 28%, and the final freeze-dried ethanol extract of H. speciosa
Gomes (EEHS) was stored at—20˚C protected from light.
Chemical Analysis
Determination of total flavonoids and phenolic compounds. The content of phenolic
compounds in the EEHS was determined using the Folin-Ciocalteu colorimetric method, as
detailed by Meda et al. [27], with some modifications. The EEHS (200 μg/mL) was diluted in
absolute ethanol, and a 0.5-mL aliquot was added to 2.5 mL of Folin-Ciocalteu reagent (diluted
1:10 with distilled water). This solution was allowed to stand for 5 min at room temperature.
After this period, 2 mL of a 14% sodium carbonate solution was added to the samples, the mix-
ture was incubated for 2 h at room temperature, and the absorbance was read at 760 nm in a T
70 UV/VIS spectrophotometer (PG Instruments Limited, UK). A standard curve was prepared
using gallic acid in the concentration range of 0.4–11.0 μg/mL. The total amount of phenolic
compounds was expressed in milligrams of gallic acid equivalents (GAE) per gram of the
EEHS.
The total flavonoids present in the EEHS were determined according to the method
described by Liberio et al. [28], with some modifications. Briefly, 4.5 mL of a hexahydrate alu-
minum chloride solution (AlCl36H2O) at 2% in absolute methanol was mixed with 0.5 mL of
the EEHS (200 μg/mL). The mixture was incubated for 30 min at room temperature, and the
absorbance was read at 415 nm in a T 70 UV/VIS spectrophotometer (PG Instruments Lim-
ited, UK). A standard curve was prepared using quercetin in the concentration range of 0.4–
11.0 μg/mL. The total flavonoids were expressed in milligrams of quercetin equivalents (QE)
per gram of the EEHS. All experiments were performed in triplicate.
Determination of phenolic compounds in the EEHS using HPLC-DAD-MS/MS. A 1μL
aliquot of the EEHS (1 mg/mL) was analyzed via high-performance liquid chromatography
with diode-array detection (HPLC-DAD; Shimadzu, Japan) coupled to a high-resolution mass
spectrometer (model micrOTOF-Q IIII, Bruker, Germany). A C-18 column (Kinetex, 2.6 μ,
150 x 2.2 mm) protected by a pre-column of the same material was used. The mobile phases
used were water (phase A) and acetonitrile (phase B), both containing 1% acetic acid. The fol-
lowing gradient elution was used: 0–2 min. at 5% B, 2–20 min. at 5%–80% B, and an additional
10 min for column washing and re-equilibration. The flow rate was 0.2 mL/min. The mass
spectrometer parameters were as follows: capillary voltages of the electrospray ionization sys-
tem (ESI) of 3500 V (negative mode) and 4500 V (positive mode). The capillary temperature
was 200˚C, the collision energy was variable for the MS/MS experiments, and data were
obtained in the positive and negative ion modes. The negative mode was chosen because it
generated more data than the positive mode. Trifluoroacetic acid sodium salt was used as the
internal calibrant. The compounds quinic acid, chlorogenic acid, catechin, rutin, and isoquer-
citrin were identified by comparison with commercial standards (Sigma-Aldrich).
Antioxidant activity
Scavenging of DPPH free radicals. The scavenging of stable DPPH radicals was evalu-
ated using the method detailed by Gupta and Gupta [29], with some modifications. Briefly,
200 μL of the EEHS (100–1000 μg/mL) was mixed with 1.8 mL of an ethanol solution of 0.1
mM DPPH. The mixture was homogenized and incubated for 30 min at room temperature in
the dark. The absorbance was read at 517 nm in a T 70 UV/VIS spectrophotometer (PG
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Instruments Limited, UK). Ascorbic acid and butylated hydroxytoluene (BHT) were used as
the antioxidant standards. Three independent experiments were performed in duplicate. The
percentage of free radical-scavenging activity was expressed with the following formula: 1—
(Abssample/Abscontrol) x 100.
Antioxidant assay in human erythrocytes
Inhibition assay of AAPH-induced hemolysis. The protection against hemolysis pro-
moted by the EEHS were evaluated using the method described by Valente et al. [30], with
some modifications. The tests were conducted with erythrocyte suspensions (2.5%) previously
incubated at 37˚C for 30 min in the presence of different concentrations of ascorbic acid or the
EEHS (50–125 μg/mL). After this period, 2.2’-azobis-2-amidinopropane (AAPH) at a concen-
tration of 50 mM was added to the samples subjected to hemolysis induction. This mixture
was incubated at 37˚C for 4 h with frequent stirring. The negative control consisted of erythro-
cytes incubated with ethanol at a final concentration of 0.6%. After every 60-min incubation
period, samples were centrifuged at 1500 rpm for 10 min, and an aliquot of each supernatant
was collected and diluted in saline solution. Subsequently, the absorbance was read at 540 nm
in a T 70 UV/VIS spectrophotometer (PG Instruments Limited, UK). Three independent
experiments were conducted in duplicate. The percentage of hemolysis was measured using
the following formula: A/B x 100, where (A) corresponds to the sample absorbance and (B)
corresponds to the total hemolysis (erythrocytes incubated with distilled water).
Inhibition of malondialdehyde production. The effect of the EEHS on the inhibition of
the production of malondialdehyde (MDA), a by-product of lipid peroxidation, was evaluated
by incubation of a human erythrocyte suspension (5%) in 50 mM of the oxidizing agent
AAPH [31]. The suspension was pre-incubated at 37˚C for 30 min in the presence of ascorbic
acid or the EEHS (100 μg/mL). Afterwards, 50 mM AAPH was added, and the mixture was
maintained at 37˚C for 3 h with frequent stirring. The negative control consisted of erythro-
cytes incubated with ethanol at a final concentration of 0.6%. After the incubation period, the
samples were centrifuged at 1500 rpm for 10 min. Aliquots (500 μL) of the supernatants were
transferred to test tubes containing 1 mL of 10 nmoL thiobarbituric acid (TBA). The standard
solution consisted of 500 μL of 20 mM MDA in 1 mL of TBA. The samples were incubated at
96˚C for 45 min. After the samples were cooled for 15 min, 4 mL of n-butyl alcohol was added
to each sample, and the samples were centrifuged at 3000 rpm for 5 min. The supernatants
were read at 532 nm in a T 70 UV/VIS spectrophotometer (PG Instruments Limited, UK).
Two independent experiments were conducted in triplicate. The MDA levels in the samples
were expressed in nmol/mL using the following formula: sample absorbance x (20 x 220.32/
standard absorbance).
Antimicrobial activity
Microbial growth. The antimicrobial activity of the EEHS was evaluated using gram-neg-
ative bacteria (Klebsiella pneumoniae and Proteus mirabilis), gram-positive bacteria (Staphylo-
coccus aureus), and the yeast Candida albicans. All microorganisms used were certified by the
American Type Culture Collection (ATCC) and the Agricultural School (Escola Superior
Agrária, ESA) of Braganc¸a, Portugal. The tested strains were initially cultured in Muller-Hin-
ton broth containing 20% glycerol and were stored at –70˚C. Before experimental use, each
sample was subcultured overnight in liquid nutrient broth (for the bacterial strains) or peptone
dextrose liquid medium (for the yeast strain). The inocula were diluted in saline solution and
adjusted to a 0.5 McFarland standard. Each dilution was confirmed by spectrophotometric
readings at 540 nm for bacterial strains and 640 nm for yeast strains in a Unicam Helios Alpha
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UV-VIS spectrophotometer (Thermo Spectronic, Cambridge, UK) [32]. Aliquots of different
bacterial inocula (108 colony forming units (CFU)/mL) and yeast inocula (105 CFU/mL) were
added to the microplates for evaluation of antimicrobial activity.
Minimum inhibitory concentration. The minimum inhibitory concentrations of the
EEHS as well as the controls, gentamicin (antibiotic) and amphotericin B (antifungal), were
determined using a microdilution assay, as described by Morais et al. [33]. Antimicrobial
assays were conducted using nutrient broth (NB) (for the bacterial strains) or yeast peptone
dextrose (YPD) liquid medium (for the yeast strain) in 96-well microplates. The EEHS was sol-
ubilized in dimethylsulfoxide (DMSO) at 70% (final concentration of DMSO of 0.27%), and
serial dilutions were prepared with concentrations between 0.78 and 100 mg/mL. The inocula
were added to all wells except for the negative controls, and the microplates were incubated at
37˚C for 24 h (for the bacterial strains) or 25˚C for 48 h (for the yeast strain). DMSO was used
as the control. The antimicrobial activity was detected by adding 20 μL of 1% 2,3,5-triphenyl-
2H-tetrazolium (TTC). The minimum inhibitory concentration (MIC) was defined as the low-
est concentration of the sample capable of inhibiting microbial growth, as indicated by the
TTC staining. The MIC was calculated after collecting a 20μL aliquot from each well where
color changes were not observed and transferring it to NB or YPD medium for 24 h at 37˚C
(for the bacterial strains) or 48 h at 25˚C (for the yeast strain). The lowest concentration that
did not result in growth after subculturing was defined as the minimum bactericidal concen-
tration (MBC) or minimum fungicidal concentration (MFC). Assays were performed in tripli-
cate for each microorganism.
Inhibition of fungal growth. Pure cultures of fungal isolates were obtained from the
Microbiology Laboratory of ESA. The agar diffusion technique was used to evaluate the activ-
ity of the EEHS against the filamentous fungi Colletotrichum acutatum ESA12, Fusarium cul-
morum ESA23, and Mucor piriformis ESA43, as well as the dermatophytes Microsporum canis
ESA28, Microsporum audouinii, and Trichophyton sp. After autoclaving, potato dextrose agar
(PDA) was incorporated into the EEHS at final concentrations of 5 mg/mL and 10 mg/mL, fol-
lowed by plating onto Petri dishes. Tartaric acid at 1% and chloramphenicol at 0.1 g/L were
added to the PDA. Subsequently, a 5-mm culture disc of each fungal strain tested was trans-
ferred to the center of the dishes. The discs were obtained from the edges of colonies previ-
ously grown for seven days on PDA. The plates were incubated at 25 ± 2˚C for 72 h. After this
period, the diameters of the fungal growth zones were measured [34]. Assays were performed
in duplicate for each microorganism.
Cytotoxic activity
Cell lines and culture conditions. The acute myeloid leukemia cell line Kasumi-1 was
cultured in RPMI 1640 medium (Gibco; Rockville, MD, USA) supplemented with 10% fetal
bovine serum (FBS) (CULTILAB, Brazil), 100 U/mL of penicillin, and 100 μg/mL of strepto-
mycin, and it was incubated in a humidified atmosphere at 37˚C and 5% CO2.
Assay with Annexin V and propidium iodide. The cytotoxic activity was evaluated using
the method described by Paredes-Gamero et al. [35], with some modifications. Cells were
plated onto 96-well microplates (105 cells/mL) in RPMI 1640 supplemented with 10% FBS in
the absence or presence of the EEHS (25–200 μg/mL) for 24 h in a humidified atmosphere at
37˚C and 5% CO2. After this period, the cells were washed with PBS and resuspended in
Annexin buffer (0.01 M HEPES, pH = 7.4, 0.14 M NaCl and 2.5 mM CaCl2). Annexin V conju-
gated with fluorescein isothiocyanate (FITC) and propidium iodide (PI) was added to each cell
suspension according to the manufacturer’s instructions, and each suspension was incubated
for 20 min at room temperature. The stained cells were analyzed using an Accuri C6 flow
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cytometer (Becton Dickinson, NJ, USA) and Accuri C6 software (Becton Dickinson). A total
of 4000 events were collected per sample.
Evaluation of the mitochondrial membrane potential. Changes in the mitochondrial
membrane potential were assessed using 5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimidazo-
lylcarbocyanine iodide (JC-1, Molecular Probes; Eugene, OR, USA) following the method
described by de Moraes et al. [36]. JC-1 is a cationic marker with a membrane potential-depen-
dent accumulation in the mitochondria, indicated by the change of the fluorescence emission
from red (590 nm) to green (520 nm). The cells labeled red indicate a higher mitochondrial
membrane potential, whereas those labeled green indicate a lower potential. To this end,
Kasumi-1 cells were seeded in 24-well plates (105 cells/mL) in medium containing 10% FBS
and were treated with the IC50 (μg/mL) of the EEHS or carboxycyanide-4-(trifluoromethoxy)-
phenylhydrazone (10 μM) (control) for 24 h in a humidified atmosphere at 37˚C and 5% CO2.
Subsequently, the cells were centrifuged and incubated with JC-1 (1 μg/mL) for 15 min at
room temperature. Fluorescence was detected in an Accuri C6 flow cytometer (Becton Dickin-
son, USA) using Accuri C6 software (Becton Dickinson, USA). A total of 4000 events were col-
lected per sample.
Effect of inhibitors on EEHS-induced cell death. Kasumi-1 cells were plated onto
96-well microplates (105 cells/mL) containing RPMI 1640 supplemented with 10% FBS in the
presence of 20 μM of the pan-caspase inhibitor Z-Val-Ala-Asp-(O-methyl)-fluoromethyl
ketone (Z-VAD-FMK), 20 μM of necrosis inhibitor necrostatin-1 (NEC-1), 20 μM of cathepsin
inhibitor trans-epoxysuccinyl-L-leucylamido-(4-guanidino) butane (E64), and 50 μM of reac-
tive oxygen species inhibitor N-acetyl-L-cysteine (NAC), and it was incubated in a humidified
atmosphere at 37˚C and 5% CO2 for 60 min. Afterwards, 160 μg/mL of the EEHS was added to
each sample, and the mixture was incubated for 24 h. Then, the cells were washed with PBS,
resuspended in Annexin buffer (0.01 M HEPES, pH = 7.4, 0.14 M NaCl and 2.5 mM CaCl2)
and incubated for 20 min at room temperature after the addition of annexin V-FITC and pro-
pidium iodide (PI) (Becton Dickinson, Franklin Lakes, NJ) according to the manufacturer’s
instructions. The analyses were performed using an Accuri C6 flow cytometer (Becton Dickin-
son) and Accuri C6 software (Becton Dickinson), with 4000 events collected per sample.
Statistics
All data are show as the mean ± standard error of mean (SEM) and for statistical significant
differences between the groups, using the t-test for comparison between two groups, using the
Prism 6 GraphPad software. The results were considered significant when p  P < 0.05, 
P< 0.01 e  P < 0.001.
Results
Chemical composition
The concentrations of phenolic compounds and total flavonoids in the EEHS were 179 ± 2.9
mg GAE/g of extract and 29 ± 1.1 mg QE/g of extract, respectively. The chemical profile of the
extract was determined using HPLC-DAD-MS/MS (Fig 1 and Table 1) and indicated the pres-
ence of quinic acid (1), chlorogenic acid (2), catechin (3), rutin (6), and isoquercitrin (7),
which were identified by comparison with authentic standards. In addition, two other hetero-
sidic flavonoid derivatives were characterized, kaempferol-rutinoside (8), and their fragmenta-
tion patterns were similar to those of rutin but differed in the absence of a hydroxyl group in
the flavonoid. They were identified through the fragment with an m/z of 285.0393 (C15H9O6).
Compound 10 had a UV spectrum similar to that of catechin and was found at an m/z of
435.1282, consistent with the molecular formula C21H23O10 and corresponding to the addition
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Fig 1. Chemical composition. Chromatograms obtained by HPLC-DAD-MS/MS (negative ion mode) indicating the presence of phenolic compounds in the
EEHS. The enlarged figures correspond to the MS/MS spectra of the following main compounds: chlorogenic acid (peak 2) and rutin (peak 6).
doi:10.1371/journal.pone.0167531.g001
Table 1. Phenolic compounds identified from the HPLC-DAD-MS/MS of the ethanolic extract of Hancornia speciosa leaves.
ID RT [min] Molecular Formula [M-H]- Error PPM MS/MS Compound
1 0.8 C7H12O6 191.0565 –2.1 — Quinic acid*
2 5.8 C16H18O9 353.0878 1.5 191.0556; 173.044; 161.0228 Chlorogenic acid*
3 8.1 C15H14O6 289.0704 –2.8 — Catechin*
4 8.8 C16H20O10 371.0967 –-3.0 249.0615 Unknown
5 9.2 C17H22O10 385.1132 –0.7 249.0578 Unknown
6 9.5 C27H30O16 609.1476 3.3 300.0303; 271.0251 Rutin*
7 9.6 C21H20O12 463.0867 –2.1 300.0265 Isoquercetrin*
8 9.9 C27H30O15 593.1494 –2.1 285.0393; 284.0313; 255.0291 Kaempferol-rutinoside
9 10.1 C24H20O9 451.1017 –2.7 341.0638; 231.0281; 217.0127; 189.0202; 177.0175 Unknown
10 10.6 C21H24O10 435.1282 –3.4 273.0779; 167.0310 Catechin-pentoside
* identified by comparison with an authentic standard
doi:10.1371/journal.pone.0167531.t001
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of a pentose to catechin. These fragmentation patterns allowed the characterization of this
molecule as a catechin-pentoside derivative.
Antioxidant activity
Scavenging of DPPH free radicals. The EEHS had a higher DPPH free radical-scaveng-
ing activity than did the lipophilic antioxidant standard BHT; however, the scavenging activity
of the EEHS was lower than that of the hydrophilic antioxidant standard ascorbic acid. The
IC50 of the EEHS was 7.1-fold lower than that of BHT and 3.2-fold higher than that of ascorbic
acid. The maximum scavenging activity of the EEHS (in μg/mL) was 5-fold higher than that of
ascorbic acid and 5-fold lower than that of BHT (Table 2).
Protective effect of the EEHS against AAPH-induced hemolysis. The protective effect
against AAPH-induced hemolysis was evaluated for the EEHS. With regard to the protection
against AAPH-induced hemolysis, ascorbic acid prevented erythrocyte hemolysis within 180
minutes in a concentration-dependent manner (Fig 2A–2C). The EEHS protected erythrocytes
incubated with AAPH for up to 240 min and decreased hemolysis by 20.1% and 21.4% at con-
centrations of 100 μg/mL and 125 μg/mL, respectively (Fig 2A–2D).
Inhibition of malondialdehyde production. The antioxidant properties of the EEHS
were also evaluated by determination of the inhibition of the production of MDA, which is the
by-product of lipid peroxidation of erythrocyte membranes induced by AAPH. Treatment of
erythrocytes with ascorbic acid and the EEHS at the lowest concentration able to inhibit hemo-
lysis (100 μg/mL) for 3 h decreased the MDA levels by 88% and 63%, respectively, compared
with the control group incubated with AAPH alone (Fig 3).
Antimicrobial activity
Minimum inhibitory concentration. Table 3 shows that the EEHS was effective against
all of the microorganisms evaluated, including a gram-positive strain (S. aureus) and a gram-
negative strain (P. mirabilis). However, it presented bacteriostatic and fungistatic activity
against a gram-negative strain (K. pneumoniae) and the yeast Candida albicans, respectively.
In addition, all ATCC strains were more sensitive to the action of the EEHS compared with
hospital strains, except for K. pneumoniae and C. albicans, which showed the same MIC.
Fungal growth inhibition assay. The EEHS inhibited the growth of filamentous fungi
and dermatophytes compared with the solvent (control). The filamentous fungal species most
sensitive to the action of the EEHS was M. piriformis, which was inhibited at EEHS concentra-
tions of 5 mg/mL and 10 mg/mL. The EEHS inhibited strains F. culmorum and C. acutatum
only at the highest concentration evaluated (Fig 4A). The dermatophyte species most sensitive
to the action of the EEHS was M. canis, which was inhibited at the concentrations of 5 mg/mL
and 10 mg/mL. M. audouinii was sensitive to the 10 mg/mL concentration of the EEHS. At the
concentrations tested, the EEHS did not affect the growth of Trichophyton sp. (Fig 4B).
Table 2. IC50 of the ethanolic extract of Hancornia speciosa Gomes leaves (EEHS) compared with the
antioxidant standards ascorbic acid and butylated hydroxytoluene (BHT) along with the percentage
of maximum scavenging activity of the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH).
DPPH IC50 (μg/mL) Maximum Activity
% μg/mL
Ascorbic acid 2.9 ± 0.8 96.6 ± 0.3 10
BHT 66.1 ± 23.6 95.1 ± 0.5 500
EEHS 9.4 ± 0.8 94.8 ± 0.8 50
doi:10.1371/journal.pone.0167531.t002
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Cytotoxic activity
Cell death profile. The evaluation of the cytotoxicity of the EEHS in Kasumi-1 cells
labeled with annexin V-FITC/PI indicated a decrease in the viability of tumor cells in late apo-
ptosis (Fig 5B and 5C) by 21.6% and 78.7% at concentrations of 100 μg/mL and 200 μg/mL,
respectively, and the IC50 was 160 μg/mL (Fig 5A).
Evaluation of the mitochondrial membrane potential. The analysis of the effects of the
EEHS (IC50 = 160 μg/mL) on the mitochondrial membrane potential in Kasumi-1 cells in 24 h
using the JC-1 fluorescent marker indicated a decrease in the potential by 98.4% (Fig 6A and 6B).
Effect of inhibitors on EEHS-induced cell death. The inhibitors E64 and NAC were
effective in inhibiting the EEHS-induced death (IC50 = 160 μg/mL) of Kasumi-1 cells treated
for 24 h. However, in this study, the apoptosis inhibitor Z-VAD-FMK and necrosis inhibitor
NEC-1 were ineffective in inhibiting cell death (Fig 7A and 7B).
Fig 2. Effects of EEHS on the inhibition of hemolysis of human erythrocytes induced by AAPH. The groups
were evaluated at (A) 60, (B) 120, (C) 180, and (D) 240 min of incubation. The controls consisted of an erythrocyte
suspension (2.5%) incubated with AAPH alone. Values are expressed as the mean ± SEM of three independent
experiments performed in duplicate. * P < 0.05 when the treated groups were compared with the AAPH group
(erythrocytes incubated with AAPH alone) during the respective incubation periods.
doi:10.1371/journal.pone.0167531.g002
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Discussion
Plant extracts are naturally occurring products with complex chemical compositions. These
compounds are responsible for the biological activity of the extracts and can act alone or syner-
gistically. Previous phytochemical studies with leaves of H. speciosa identified several
Fig 3. Effects of the EEHS on the inhibition of lipid peroxidation induced by AAPH. The control corresponds
to erythrocytes incubated with AAPH alone. Values are expressed as the mean ± SEM of two independent
experiments performed in duplicate. ***P < 0.001 when the treated groups were compared with the AAPH group
(erythrocytes incubated with AAPH alone).
doi:10.1371/journal.pone.0167531.g003
Table 3. Minimal inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and minimum fungicidal concentration (MFC) of the
EEHS and controls.
EEHS mg/mL Gentamicin mg/mL Amphotericin B mg/mL
Microorganism MIC MBC/MFC MIC MBC MIC MFC
S. aureus (ATCC 43300) 0.78 3.12 0.0312 0.0625 - -
P. mirabilis (ATCC 25933) 3.12 6.25 0.0625 0.0625 - -
K. pneumoniae (ATCC 13883) 12.5 ND 0.00012 0.00012 - -
C. albicans (ATCC 10231) 6.25 ND - - 0.0020 >0.003
S. aureus (ESA) 3.12 6.25 0.125 0.125 - -
P. mirabilis (ESA) 6.25 12.5 0.00049 0.00049 - -
K. pneumoniae (ESA) 12.5 ND 0.0039 0.0039 - -
C. albicans (ESA) 6.25 ND - - 0.0021 >0.003
ATCC, American Type Culture Collection; ESA, Agricultural School, Braganc¸a, Portugal.
ND, Not detected; -, Unvalued.
doi:10.1371/journal.pone.0167531.t003
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compounds, including L-(+)-bornesitol, quinic acid, chlorogenic acid, and flavonoids derived
from kaempferol and rutin [4,37,38,39]. In this study, several phenolic derivatives were identi-
fied in the UV spectrum of the EEHS (Fig 1), and rutin along with chlorogenic acid were the
major compounds in the extract. The amounts of total flavonoids and phenolic compounds in
natural products are important parameters to be considered when assessing the quality and
biological potential of natural products [40]. In this study, the concentration of total phenolic
compounds in the EEHS was higher than that in the extract of H. speciosa fruit [41]. Phenolic
compounds are hydrogen donors capable of directly scavenging free radicals and reducing oxi-
dative damage [42,43], which makes them potent antioxidants. In other medicinal plant
extracts, these compounds also activated endogenous antioxidant systems and inhibited the
lipid peroxidation of human erythrocytes [2, 44]. Among the phenolic compounds, flavonoids
are the most prominent because of their potent antioxidant activity [45].
The analysis of the direct scavenging of free radicals indicated that the EEHS was more
effective than BHT, a synthetic antioxidant used in a wide variety of food products [46] and
cosmetics [47]. The free radical-scavenging capacity of the EEHS was higher than that of the
extracts of H. speciosa fruit [41], which may be attributed to the higher concentration of phe-
nolic compounds in the leaf extract. In addition, the effects of the antioxidant activity in a bio-
logical model in vitro were evaluated in human erythrocytes subjected to lipid peroxidation by
the action of free peroxyl radicals generated by the oxidizing agent AAPH. These radicals
cause erythrocyte hemolysis via the oxidation of lipids and proteins of the cell membranes
[48]. The EEHS demonstrated a sustained ability to protect against AAPH-induced hemolysis.
The inhibition of lipid peroxidation was also determined by the quantification of the levels of
MDA, which is a marker of oxidative damage to the lipids found in the erythrocyte mem-
branes [49]. Umarani et al. [50] reported that the flavonoid rutin, also present in the EEHS,
promoted the inhibition of lipid peroxidation in the heart tissue of rats subjected to oxidative
stress. Henneberg et al. [51] reported the ability of rutin to sequester reactive oxygen species in
human erythrocytes subjected to oxidative damage. Protection against lipid peroxidation pro-
moted by the EEHS may be associated with its direct role in the scavenging of peroxyl radicals
Fig 4. Zone of inhibition of filamentous fungi. Growth inhibition by the EEHS (5 mg/mL and 10 mg/mL) in the (A) filamentous fungal species Colletotrichum
acutatum ESA12, Fusarium culmorum ESA23, and Mucor piriformis ESA43 and (B) dermatophytes Microsporum canis ESA28, Microsporum audouinii, and
Trichophyton sp. (in mm). Values are expressed as the mean ± SEM of duplicate experiments. * P < 0.05, ** P < 0.01, and ***P < 0.001 when the treated
groups were compared with the control group (3.3% DMSO).
doi:10.1371/journal.pone.0167531.g004
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Fig 5. Cytotoxic activity of the EEHS in the acute myeloid leukemia cell line Kasumi-1. (A) Concentration-response curve (25–200 μg/mL). (B) Dot plots
indicating the flow cytometry data of cells stained with propidium iodide (PI) and annexin-V-FITC (An) treated with a negative control (NC), 100 μg/mL of the
EEHS or 200 μg/mL of the EEHS. The lower left quadrant shows viable cells (An–/PI–); the lower right quadrant shows apoptotic cells (An+/PI–); the upper left
quadrant shows cells undergoing necrosis (An–/PI+); and the upper right quadrant shows cells in late apoptosis (An+/PI+). (C) Percentage of cell death
obtained from dot plots of cells treated with NC, 100 μg/mL of the EEHS, or 200 μg/mL of the EEHS. * P < 0.05, ** P < 0.01 and ***P < 0.001 when the
treated groups were compared with the control group.
doi:10.1371/journal.pone.0167531.g005
Fig 6. Estimation of the effect of the EEHS (160 μg/mL) on the mitochondrial membrane potential of the acute myeloid leukemia cell line Kasumi-1
by flow cytometry. (A) Dot plots of flow cytometric data indicating the pattern of cell staining using JC-1 in green (FL-1) and red (FL-2). (B) Percentage of
change of the mitochondrial membrane potential obtained from dot plots. ***P < 0.001 when the treated groups were compared with the control group.
doi:10.1371/journal.pone.0167531.g006
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or the modulation of endogenous antioxidant mechanisms, including the activation of the
enzymes glutathione, catalase, and superoxide dismutase [2,48].
In addition to the antioxidant activity, phenolic compounds have antimicrobial activity via
several mechanisms, including adsorption to and disruption of microbial membranes, ion
deprivation, enzyme interaction, and interaction with membrane transporters [52,53,54].
Amin et al. [22] found that quercetin derivatives, such as those present in the EEHS, were
active against methicillin-resistant S. aureus strains. Previous studies with extracts of H. spe-
ciosa bark reported antimicrobial activity against gram-positive bacteria (S. aureus) and gram-
Fig 7. Cytotoxic activity of the EEHS in the acute myeloid leukemia cell line Kasumi-1 in the presence of cell death inhibitors. (A) Dot plots of the
flow cytometry data of cells stained with propidium iodide and annexin-V-FITC in the presence of inhibitors Z-VAD-FMK, Nec-1, NAC, or E64 and in the
presence of the EEHS combined with each of these inhibitors. (B) Percentage of cell viability obtained from dot plots at the EEHS concentration of 160 μg/mL.
* P < 0.05 when the treated groups were compared with the control group.
doi:10.1371/journal.pone.0167531.g007
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negative bacteria (H. pylori) [3]. In this study, the EEHS presented antimicrobial activity
against ATCC and hospital strains. The bactericidal action of the extract was observed against
gram-positive and gram-negative bacteria. However, gram-negative bacteria are more resistant
than gram-positive bacteria [55]. The bacterial cell wall, particularly in gram-negative bacteria,
is an effective barrier against candidate drug molecules. This barrier is strongly polar and con-
tains efflux pumps that act as a resistance mechanism, ejecting the compounds that pass
through the outer membrane [56]. Al-Fatimi et al. [57] and Sahreen et al. [58] reported that
plant extracts effective against gram-negative bacteria contained polar compounds that could
interact with the chemical composition of the bacterial cell wall structure, thus promoting its
effects.
The EEHS also presented fungistatic activity against the yeast C. albicans and inhibited the
growth of filamentous fungi as well as dermatophytes. The presence of condensed tannins in
the EEHS, particularly catechins, may explain the observed antifungal activity because these
compounds can inactivate adhesion proteins, transporters, and enzymes [52].
Fungi promote superficial infections, which are common in elementary school children
[59], and invasive infections, which are considered one of the leading causes of morbidity and
mortality in immunocompromised patients [60]. The opportunistic nature of these infections
increases the risk of infections in patients with prolonged neutropenia, lymphopenia, bone
marrow transplants, and diabetes as well as those treated with corticosteroids [61].
Plants with antimicrobial activity also present cytotoxic activity by promoting death in vari-
ous tumor cell lines [62] via different mechanisms. The primary routes of cell death are apo-
ptosis, autophagy, and necrosis, and deaths by apoptosis and autophagy are considered
programmed cell death mechanisms, whereas necrosis is considered an unregulated cell death
mechanism [63]. However, cell death by necrosis may be regulated by a process known as
necroptosis [64]. Previous studies indicated that the extracts of leaves, branches, fruit, and fruit
latex of H. speciosa presented low toxicities towards the human tumor cell lines HCT-8 (colon
carcinoma), MDA-MB-435 (melanoma), and SF-295 (glioblastoma) [65]. Moreover, our
results indicated that the EEHS was effective in acute myeloid leukemia cells, and the cytotoxic
activity was concentration-dependent and mediated by apoptosis. Martin et al. [66] found that
the presence of phosphatidylserine in cell death assays with annexin V-FITC is considered an
early event of apoptosis. Cell labeling with propidium iodide, which binds to DNA, is only
observed during membrane damage, which occurs in late apoptosis or early necroptosis [67].
The flavonoids that are catechin and quercetin derivatives have potent cytotoxic activities and
cause apoptosis using mitochondrial pathways in human leukemic cell lines, including mono-
cytic leukemia (U937), erythroleukemia (K562), and promyelocytic leukemia (HL-60) [25].
Therefore, the presence of flavonoids in the EEHS can be directly associated with the cytotox-
icity of the extract.
The EEHS decreased the mitochondrial membrane potential. Similarly, previous studies on
cell viability reported the apoptotic activity of plant extracts in leukemic cell lines via reduction
of the mitochondrial membrane potential [2,31,68].
Mitochondria-mediated apoptosis occurs in response to various death stimuli, including
activation of tumor suppressor proteins and oncogenes, DNA damage, chemotherapeutic
agents, nutritional deprivation, and ultraviolet radiation [69]. In these cases, apoptosis can
occur via the intrinsic (mitochondrial-mediated) or extrinsic apoptotic pathways, both of
which are caspase-dependent. Moreover, in vitro studies demonstrated that caspase-indepen-
dent apoptosis can be regulated by lysosomes and endoplasmic reticulum [70]. Assessing the
mechanism by which the EEHS promoted cell death, using cell death inhibitors, indicated the
involvement of cysteine proteases (cathepsins). These results suggest that the EEHS promotes
apoptosis via cathepsins because these enzymes induce apoptosis of tumor cells in a caspase-
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dependent and caspase-independent manner [71]. The EEHS promoted caspase-independent
apoptosis considering that the pan-caspase inhibitor Z-VAD-FMK did not inhibit the cyto-
toxic activity of the extract. Cathepsins can also promote apoptosis by directly causing catalysis
and proteolytic degradation of various substrates involved in cell death [72,73,74]. Antitumor
agents such as vincristine, a naturally occurring alkaloid identified and isolated from plants of
the genus Vinca, induce changes in the permeability of the lysosomal membrane and promote
the release of cathepsins into the cytoplasm [75, 76]. Lysosomal cathepsins can act directly in
the mitochondria by stimulating the release of cytochrome C and producing reactive oxygen
species. The latter has direct and indirect effects on lysosomes [77] and causes progressive
destabilization of the membranes of intracellular organelles, including lysosomes and mito-
chondria [78]. In this context, the EEHS strongly decreased the mitochondrial membrane
potential and formation of reactive oxygen species, as shown by the inhibition of cell death
using NAC, an inhibitor of these molecules.
Together, these results indicate that phenolic acids and flavonoids are present in the EEHS
extract, and the antioxidant, antimicrobial, and cytotoxic activities of these compounds in
acute myeloid leukemia cells are mediated by apoptosis via a decrease in the mitochondrial
potential and cathepsin activation.
Acknowledgments
This work was supported by grants from Fundac¸ão de Apoio ao Desenvolvimento do Ensino,
Ciência e Tecnologia do Estado de Mato Grosso do Sul (FUNDECT, Brazil), Conselho Nacio-
nal de Desenvolvimento Cientı´fico e Tecnolo´gico (CNPq, Brazil) and PRODER, (24.073 – Aˆ,
Portugal). E.L.S.; E.J.P.G e C.A.L.C., were recipient of felowship from CNPq, Brazil.
Author Contributions
Conceptualization: UPS JFC HFVT EJPG CAC LME KPS ELS.
Data curation: EJPG CAC LME KPS ELS.
Formal analysis: UPS JFC HFVT EJPG CAC LME KPS ELS.
Funding acquisition: EJPG CAC LME KPS ELS.
Investigation: UPS JFC HFVT EJPG CAC LME KPS ELS.
Methodology: UPS JFC HFVT EJPG CAC LME KPS ELS.
Project administration: ELS.
Resources: EJPG CAC LME KPS ELS.
Supervision: EJPG CAC LME KPS ELS.
Validation: UPS JFC HFVT EJPG CAC LME KPS ELS.
Visualization: UPS KPS ELS.
Writing – original draft: UPS JFC EJPG CAC LME KPS ELS.
Writing – review & editing: UPS JFC EJPG CAC LME KPS ELS.
References
1. Oliveira PS, Marquis RJ. The cerrados of Brazil: ecology and natural history of a neotropical savanna.
Columbia University Press, New York; 2002.
Pharmacological Effects of Hancornia speciosa Leaves
PLOS ONE | DOI:10.1371/journal.pone.0167531 December 1, 2016 15 / 19
2. Casagrande JC, Macorini LF, Antunes KA, Santos UP, Campos JF, Dias-Ju´nior NM, Sangalli A, et al.
Antioxidant and Cytotoxic Activity of Hydroethanolic Extract from Jacaranda decurrens Leaves. PLoS
ONE. 2014; 9 (11): e112748 doi: 10.1371/journal.pone.0112748 PMID: 25402205
3. Moraes TM, Rodrigues CM, Kushima H, Bauab TM, Villegas W, Pellizzon CH, et al. Hancornia spe-
ciosa: Indications of gastroprotective, healing and anti-Helicobacter pylori actions. Journal of Ethno-
pharmacology. 2008; 120: 161–168. doi: 10.1016/j.jep.2008.08.001 PMID: 18761076
4. Pereira AC, Pereira AB, Moreira CC, Botion LM, Lemos VS, Braga FC, et al. Hancornia speciosa
Gomes (Apocynaceae) as a potential anti-diabetic drug. J Ethnopharmacol. 2015; 161: 30–5. doi: 10.
1016/j.jep.2014.11.050 PMID: 25500300
5. da Silva AO, Damaceno Alves A, Almeida DA, Balogun SO, de Oliveira RG, Aires Aguiar A, et al. Evalu-
ation of anti-inflammatory and mechanism of action of extract of Macrosiphonia longiflora (Desf.) Mu¨ll.
Arg.J Ethnopharmacol. 2014a; 154 (2): 319–29.
6. da Silva MDB, Reichert CL, de Andrade LF, de Moraes Santos CA, Weffort-Santos AM. Cytotoxicity
and apoptogenic effects of Lafoensia pacari. J Ethnopharmacol. 2014b; 157: 243–50.
7. Hirschmann GS, Arias AR. A survey of medicinal plants of Minas Gerais. Brazil. J. Ethnopharmacol.
1990; 29: 159–172. PMID: 2374429
8. Grandi TMS, Trindade JA, Pinto MJF, Ferreira LL, Catella AC. Plantas medicinais de Minas Gerais,
Brasil. Acta Bot. Bras. 1989; 3 (2): 185–224.
9. Rodrigues VEG, Carvalho DA. Levantamento etnobotaˆnico de plantas medicinais no domı´nio Cerrado
na região do Alto Rio Grande—Minas Gerais. Cienc. Agrotec. 2001; 25 (1): 102–123.
10. Marinho DG, Alviano DS, Matheus ME, Alviano CS, Fernandes PD. The latex obtained from Hancornia
speciosa Gomes possesses anti-inflammatory activity. J Ethnopharmacol. 2011; 135: 530–7. doi: 10.
1016/j.jep.2011.03.059 PMID: 21463669
11. Silva GC, Braga FC, Lima MP, Pesquero JL, Lemos VS, Cortes SF. Hancornia speciosa Gomes
induces hypotensive effect through inhibition of ACE and increase on NO. J. Ethnopharmacol.2011;
137: 709–13. doi: 10.1016/j.jep.2011.06.031 PMID: 21756990
12. Ferreira HC, Serra CP, Lemos VS, Braga FC, Cortes SF. Nitric oxide-dependent vasodilatation by etha-
nolic extract of Hancornia speciosa via phosphatidyl-inositol 3-kinase. Journal of Ethnopharmacology.
2007a; 109: 161–164.
13. Ferreira HC, Serra CP, Endringer DC, Lemos VS, Braga FC, Cortes SF. Endothelium-dependent vaso-
dilatation induced by Hancornia speciosa in rat superior mesenteric artery. Phytomedicine. 2007b; 14:
473–478.
14. Endringer DC, Valadares M, Campana PRV, Campos JJ, Guimarães KG, Pezzuto JM, et al. Evaluation
of Brazilian Plants on Cancer Chemoprevention Targets In Vitro. Phytother. Res. 2010; 24: 928–933.
doi: 10.1002/ptr.3050 PMID: 19957245
15. Geller FC, Teixeira MR, Pereira AB, Dourado LP, Souza DG, Braga FC, et al. Evaluation of the Wound
Healing Properties of Hancornia speciosa Leaves. Phytother Res. 2015; 12: 1887–93.
16. Rizzo JA, Monteiro MSR, Bitencourt C. Utilizac¸ão de plantas medicinais em Goiaˆnia. In: Congresso
Nacional de Botaˆnica, Anais. Brası´lia: Sociedade Botaˆnica do Brasil. 1990; 2: 691–707.
17. Sofi FR, Raju CV, Lakshmisha IP, Singh RR. Antioxidant and antimicrobial properties of grape and
papaya seed extracts and their application on the preservation of Indian mackerel (Rastrelliger kana-
gurta) during ice storage. J Food Sci Technol. 2016; 53 (1): 104–17. doi: 10.1007/s13197-015-1983-0
PMID: 26787935
18. Djeridane A, Yousfi M, Nadjemi B, Boutassouna D, Stocker P, Vidal N. Antioxidant activity of some alge-
rian medicinal plants extracts containing phenolic compounds. Food Chemistry. 2006; 97 (4): 654–660.
19. Wannes WA, Mhamdi B, Sriti J, Jemia MB, Ouchikh O, Hamdaoui G, et al. Antioxidant activities of the
essential oil and methanol extracts from myrtle (Myrtus communis var. italica L.) leaf, stem and flower.
Food and Chemical Toxicology. 2010; 48 (5): 1362–1370. doi: 10.1016/j.fct.2010.03.002 PMID:
20211674
20. Li T, Chen S, Feng T. Dong J, Li Y, Li H. Rutin protects against aging-related metabolic dysfunction.
Food Funct. 2015; 7 (2): 1147–54.
21. Yu XL, Li YN, Zhang H, Su YJ, Zhou WW, Zhang ZP, et al. Rutin inhibits amylin-induced neurocytotoxi-
city and oxidative stress. Food Funct. 2015; 6 (10): 3296–306. doi: 10.1039/c5fo00500k PMID:
26242245
22. Amin MU, Khurram M, Khattak B, Khan J. Antibiotic additive and synergistic action of rutin, morin and
quercetin against methicillin resistant Staphylococcus aureus. BMC Complementary and Alternative
Medicine. 2015; 15: 59 doi: 10.1186/s12906-015-0580-0 PMID: 25879586
23. Newman DJ, Cragg GM. Natural products as sources of new drugs from 1981 to 2014. Journal of natu-
ral products. 2016; 79 (3): 629–661. doi: 10.1021/acs.jnatprod.5b01055 PMID: 26852623
Pharmacological Effects of Hancornia speciosa Leaves
PLOS ONE | DOI:10.1371/journal.pone.0167531 December 1, 2016 16 / 19
24. Franci G, Falanga A, Galdiero S, Palomba L, Rai M, Morelli G, et al. Silver nanoparticles as potential
antibacterial agents. Molecules. 2015; 20 (5): 8856–74 doi: 10.3390/molecules20058856 PMID:
25993417
25. Roy S, Banerjee B, Vedasiromoni JR. Cytotoxic and apoptogenic effect of Swietenia mahagoni (L.)
Jacq. leaf extract in human leukemic cell lines U937, K562 and HL-60. Environ Toxicol Pharmacol.
2014; 37 (1): 234–47. doi: 10.1016/j.etap.2013.11.008 PMID: 24366058
26. Joray MB, Trucco LD, Gonza´lez ML, Napal GN, Palacios SM, Bocco JL, et al. Antibacterial and Cyto-
toxic Activity of Compounds Isolated from Flourensia oolepis. Evid Based Complement Alternat Med.
2015; 2015: 912484 doi: 10.1155/2015/912484 PMID: 26819623
27. Meda A, Lamien CE, Romito M, Millogo J, Nacoulma OG. Determination of the total phenolic, flavonoid
and proline contents in Burkina Fasan honey, as well as their radical scavenging activity. Food Chem.
2005; 91: 571–577.
28. Liberio SA, Pereira ALA, Dutra RP, Reis AS, Arau´jo MJAM, Mattar NS, et al. Antimicrobial activity
against oral pathogens and immunomodulatory effects and toxicity of geopropolis produced by the
stingless bee Melipona fasciculate Smith. BMC Complement Altern. Med. 2011; 11: 1–10.
29. Gupta D, Gupta RK. Bioprotective properties of Dragon’s blood resin: in vitro evaluation of antioxidant
activity and antimicrobial activity. BMC Complement Altern. Med. 2011; 11: 1–9.
30. Valente MJ, Baltazar AF, Henrique R, Estevinho L, Carvalho M. Biological activities of Portuguese prop-
olis: Protection against free radical-induced erythrocyte damage and inhibition of human renal cancer
cell growth in vitro. Food Chem. Toxicol. 2011; 49: 86–92. doi: 10.1016/j.fct.2010.10.001 PMID:
20934479
31. Campos JF, dos Santos UP, Macorini LF, de Melo AM, Balestieri JB, Paredes-Gamero EJ, et al. Antimi-
crobial, antioxidant and cytotoxic activities of pro´polis from Melipona orbignyi (Hymenoptera, Apidae).
Food and Chemical Toxicology. 2014; 65: 374–380. doi: 10.1016/j.fct.2014.01.008 PMID: 24412556
32. Fea´s X, Estevinho LM, Salinero C, Vela P, Sainz MJ, Va´zquez-Tato MP, et al. Triacylglyceride, Antioxi-
dant and Antimicrobial Features of Virgin Camellia oleifera, C. reticulata and C. sasanqua Oils. Mole-
cules. 2013; 18: 4573–4587 doi: 10.3390/molecules18044573 PMID: 23599015
33. Morais M, Moreira L, Fea´s X, Estevinho LM. Honeybee-collected pollen from five Portuguese Natural
Parks: Palynological origin, phenolic content, antioxidant properties and antimicrobial activity. Food
Chem. Toxicol. 2011; 49: 1096–1101. doi: 10.1016/j.fct.2011.01.020 PMID: 21291944
34. Akintobi OA, Adejuwon AO, Olawale AK. Antimicrobial Evaluation of the Stem Bark Extracts of Parkia
biglobosa (Jacq.) Benth. Ex G. Don. Report and Opinion. 2013; 5 (10): 41–45.
35. Paredes-Gamero EJ, Martins MNC, Cappabianco FAM, Ide JS, Miranda A. Characterization of dual
effects induced by antimicrobial peptides: regulated cell death or membrane disruption. Biochim. Bio-
phys. Acta. 2012; 1820: 1062–1072. doi: 10.1016/j.bbagen.2012.02.015 PMID: 22425533
36. Moraes VW, Caires AC, Paredes-Gamero EJ, Rodrigues T. Organopalladium compound 7b targets
mitochondrial thiols and induces caspase-dependent apoptosis in human myeloid leukemia cells. Cell
Death and Disease. 2013; 4: e658 doi: 10.1038/cddis.2013.190 PMID: 23744358
37. Endringer DC, Pezzuto JM, Soares CM, Braga FC. L-(+)-Bornesitol. Acta Crystallographica. Section E:
Structure Reports Online. 2007; 63: o1067–o1068.
38. Endringer DC, Pezzuto JM, Braga FC. NF-B inhibitory activity of cyclitols isolated from Hancornia Spe-
ciosa. Phytomedicine. 2009; 16 1064–1069. doi: 10.1016/j.phymed.2009.03.022 PMID: 19423310
39. Pereira AB, Verı´ssimo TM, Oliveira MA, Araujo IA, Alves RJ, Braga FC. Development and validation of
an HPLC-DAD method for quantification of bornesitol in extracts from Hancornia speciosa leaves after
derivatization with p-toluenesulfonyl chloride. J Chromatogr B Analyt Technol Biomed Life Sci. 2012;
887–888:133–7. doi: 10.1016/j.jchromb.2012.01.009 PMID: 22333437
40. Moreira L, Dias LG, Pereira JA, Estevinho L. Antioxidant properties, total phenols and pollen analysis of
propolis samples from Portugal. Food Chem.Toxicol. 2008; 46: 3482–3485. doi: 10.1016/j.fct.2008.08.
025 PMID: 18804144
41. Almeida MMB, Sousa PHM, Arriaga AMC, Prado GM, Magalhães CEC, Maia GA, et al. Bioactive com-
pounds and antioxidant activity of fresh exotic fruits from northeastern Brazil, Food Research Interna-
tional. 2011; 44 (7): 2155–2149.
42. Kesharwani RK, Singh DV, Misra K, Rizvi SI. Plant polyphenols as electron donors for erythrocyte
plasma membrane redox system: validation through in silico approach. Org Med Chem Lett. 2012;
2:12. doi: 10.1186/2191-2858-2-12 PMID: 22475026
43. Wintola OA, Afolayan AJ, The antibacterial, phytochemicals and antioxidants evaluation of the root
extracts of Hydnora africanaThunb. used as antidysenteric in Eastern Cape Province, South Africa.
BMC Complementary and Alternative Medicine. 2015; 15:307 doi: 10.1186/s12906-015-0835-9 PMID:
26335685
Pharmacological Effects of Hancornia speciosa Leaves
PLOS ONE | DOI:10.1371/journal.pone.0167531 December 1, 2016 17 / 19
44. Ribeiro AB, Berto A, Ribeiro D, Freitas M, Chiste´ RC, Visentainer JV, et al. Stem bark and flower
extracts of Vismia cauliflora are highly effective antioxidants to human blood cells by preventing oxida-
tive burst in neutrophils and oxidative damage in erythrocytes. Pharm Biol. 2015; 53 (11): 1691–8. doi:
10.3109/13880209.2014.1001407 PMID: 25868622
45. Sharma S, Ali A, Ali J, Sahni JK, Baboota S. Rutin: therapeutic potential and recent advances in drug
delivery. Expert Opin. Investig. Drugs. 2013; 22 (8): 1063–79. doi: 10.1517/13543784.2013.805744
PMID: 23795677
46. Williams GM, Iatropoulos MJ, Whysner J. Safety assessments of butylated hydroxyanisole and butyl-
ated hydroxytoluene as antioxidant food adjectives. Food Chem. Toxicol. 1999; 37 (9–10): 1027–38.
PMID: 10541460
47. Rowe RC, Sheskey PJ, Owen SC. Handbook of pharmaceutical excipients. 5th ed. London: Pharma-
ceutical Press; 2006.
48. Zou CG, Agar NS, Jones GL. Oxidative insult to human red blood cells induced by free radical initiator
AAPH and its inhibition by a commercial antioxidant mixture. Life Sci. 2001; 69: 75–86. PMID:
11411807
49. Haider L, Fischer MT, Fischer JM, Bauer J, Hoftberger R. Oxidative damage in multiple sclerosis
lesions. Brain. 2011; 134: 1914–1924 doi: 10.1093/brain/awr128 PMID: 21653539
50. Umarani V, Muvvala S, Ramesh A, Lakshmi BV, Sravanthi N. Rutin potentially attenuates fluoride-
induced oxidative stress-mediated cardiotoxicity, blood toxicity and dyslipidemia in rats. Toxicol Mech
Methods. 2015; 25 (2): 143–9. doi: 10.3109/15376516.2014.1003359 PMID: 25560802
51. Henneberg R, Otuki MF, Furman AE, Hermann P, do Nascimento AJ, Leonart MS. Protective effect of
flavonoids against reactive oxygen species production in sickle cell anemia patients treated with
hydroxyurea. Rev Bras Hematol Hemoter. 2013; 35 (1): 52–5. doi: 10.5581/1516-8484.20130015
PMID: 23580885
52. Cowan MM. Plant products as antimicrobial agents. Clin. Microbiol. Rev. 1999; 12 (4): 564–582. PMID:
10515903
53. Plaper A, Golob M, Hafner I, Oblak M, Solmajer T, Jerala R. Characterization of quercetin binding site
on DNA gyrase. Biochem Biophys Res Commun. 2003; 306 (2): 530–6. PMID: 12804597
54. Favela-Herna´ndez JM, Clemente-Soto AF, Balderas-Renterı´a I, Garza-Gonza´lez E, Camacho-Corona
Mdel R. Potential Mechanism of Action of 3’-Demethoxy-6-O-demethyl-isoguaiacin on Methicillin Resis-
tant staphylococcus aureus. Molecules. 2015; 20 (7): 12450–8.
55. Khan R, Islam B, Akram M, Shakil S, Ahmad A, Ali SM, et al. Antimicrobial activity of five herbal extracts
against multi drug resistant (MDR) strains of bacteria and fungus of clinical origin. Molecules. 2009; 14
(2): 586–97. doi: 10.3390/molecules14020586 PMID: 19214149
56. Brown DG, Lister T, May-Dracka TL. New natural products as new leads for antibacterial drug discov-
ery. Bioorganic & Medicinal Chemistry Letters. 2014; 24: 413–418.
57. Al-Fatimi M, Wurster M, Schroder G, Lindequist U. Antioxidant, antimicrobial and cytotoxic activities of
selected medicinal plants from Yemen. J Ethnopharmacol. 2007; 111: 657–666. doi: 10.1016/j.jep.
2007.01.018 PMID: 17306942
58. Sahreen S, Khan MR, Khan RA, Shah NA. Estimation of flavoniods, antimicrobial, antitumor and anti-
cancer activity of Carissa opaca fruits. BMC Complement Altern Med. 2013; 13: 372. doi: 10.1186/
1472-6882-13-372 PMID: 24373124
59. Havlickova B, Czaika VA, Friedrich M. Epidemiological trends in skin mycoses worldwide. Mycoses.
2008; 51 (4): 2–15
60. Gudlaugsson O, Gillespie S, Lee K, Vande Berg J, Hu J, Messer S, et al. Attributable mortality of noso-
comial candidemia, revisited. Clin Infect Dis. 2003; 37 (9): 1172–1177. doi: 10.1086/378745 PMID:
14557960
61. The Japanese Mycology Study Group, editor. Guidelines for management of deep-seated mycoses
2007.Tokyo: Kyowa Kikaku; 2007.
62. Bardaweel SK, Hudaib MM, Tawaha KA, Bashatwah RM. Studies on the In Vitro Antiproliferative, Anti-
microbial, Antioxidant, and Acetylcholinesterase Inhibition Activities Associated with Chrysanthemum
coronarium Essential Oil. Evidence-based Complementary and Alternative Medicine. 2015; eCAM.
2015: 790838. doi: 10.1155/2015/790838 PMID: 26290675
63. Galluzzi L, Maiuri MC, Vitale I, Zischka H, Castedo M, Zitvogel L, et al. Cell death modalities: classifica-
tion and pathophysiological implications. Cell Death and Differentiation. 2007; 14: 1237–1243 doi: 10.
1038/sj.cdd.4402148 PMID: 17431418
64. Cho YS, Challa S, Moquin D, Genga R, Ray TD, Guildford M, et al. Phosphorylation-driven assembly of
the RIP1-RIP3 complex regulates programmed necrosis and virus-induced inflammation. Cell. 2009;
137:1112–1123 doi: 10.1016/j.cell.2009.05.037 PMID: 19524513
Pharmacological Effects of Hancornia speciosa Leaves
PLOS ONE | DOI:10.1371/journal.pone.0167531 December 1, 2016 18 / 19
65. Ribeiro SS, Jesus AM, Anjos CS, Silva TB, Santos ADC, Jesus JR, et al. Evaluation of the Cytotoxic
Activity of Some Brazilian Medicinal Plants. Planta Med. 2012; 78: 1601–1606. doi: 10.1055/s-0032-
1315043 PMID: 22814822
66. Martin SJ, Reutelingsperger CP, McGahon AJ, Rader JA, van Schie RC, LaFace DM, et al. Early redis-
tribution of plasma membrane phosphatidylserine is a general feature of apoptosis regardless of the ini-
tiating stimulus: inhibition by overexpression of Bcl-2 and Abl. J Exp Med. 1995; 182: 1545–1556.
PMID: 7595224
67. Pietkiewicz S, Schmidt JH, Lavrik IN. Quantification of apoptosis and necroptosis at the single cell level
by a combination of Imaging Flow Cytometry with classical Annexin V/propidium iodide staining. J
Immunol Methods. 2015 Aug; 423:99–103. doi: 10.1016/j.jim.2015.04.025 PMID: 25975759
68. Campos JF, Dos Santos UP, da Rocha Pdos S, Damião MJ, Balestieri JB, Cardoso CA, et al. Antimicro-
bial, Antioxidant, Anti-Inflammatory, and Cytotoxic Activities of Propolis from the Stingless Bee Tetrago-
nisca fiebrigi (Jataı´).Evidence-Based Complementary and Alternative Medicine. 2015; 2015: 296186
10.1155/2015/296186. doi: 10.1155/2015/296186 PMID: 26185516
69. Shi Y. A structural view of mitochondria-mediated apoptosis. Nat. Struct. 2001; 8: 394–401.
70. Kroemer G, Martin SJ. Caspase-independent cell death. Nat Med. 2005; 11: 725–730. doi: 10.1038/
nm1263 PMID: 16015365
71. Kaznelson DW, Bruun S, Monrad A, Gjerløv S, Birk J, Ro¨pke C, et al. Simultaneous human papilloma
virus type 16 E7 and CDK inhibitor p21 expression induces apoptosis and cathepsin B activation. Virol-
ogy. 2004; 320 (2): 301–312. doi: 10.1016/j.virol.2003.12.018 PMID: 15016552
72. Stoka V, Turk B, Schendel SL, Kim TH, Cirman T, Snipas SJ, et al. Lysosomal protease pathways to
apoptosis. Cleavage of Bid, not pro-caspases, is the most likely route. J. Biol. Chem. 2001; 276: 3149–
3157. doi: 10.1074/jbc.M008944200 PMID: 11073962
73. Gobeil S, Boucher CC, Nadeau D, Poirier GG. Characterization of the necrotic cleavage of poly (ADP-
ribose) polymerase (PARP-1): implication of lysosomal proteases. Cell Death Differ. 2001; 8: 588–594.
doi: 10.1038/sj.cdd.4400851 PMID: 11536009
74. Foghsgaard L, Lademann U,Wissing D, Poulsen B, Jaattela M. Cathepsin B mediates tumor necrosis
factor-induced arachidonic acid release in tumor cells. J. Biol. Chem. 2002; 277: 39499–39506. doi: 10.
1074/jbc.M206669200 PMID: 12185082
75. Erdal H, Berndtsson M, Castro J, Brunk U, Shoshan MC, Linder S. Introduction of lysosomal membrane
permeabilization by compounds that activate p53- independent apoptosis. Proc. Natl. Acad. Sci. 2005;
102 (1): 192–197. doi: 10.1073/pnas.0408592102 PMID: 15618392
76. Groth-Pedersen L, Ostenfeld MS, Høyer-Hansen M, Nylandsted J, Ja¨a¨ttela¨ M. Vincristine Induces Dra-
matic Lysosomal Changes and Sensitizes Cancer Cells to Lysosome-Destabilizing Siramesine. Cancer
Res. 2007; 67: (5): 2217–25. doi: 10.1158/0008-5472.CAN-06-3520 PMID: 17332352
77. Zhao M, Antunes F, Eaton JW, Brunk UT. Lysosomal enzymes promote mitochondrial oxidant produc-
tion, cytochrome c release and apoptosis. Eur J Biochem. 2003; 270: 3778–3786. PMID: 12950261
78. Zhao M, Brunk UT, Eaton JW. Delayed oxidant-induced cell death involves activation of phospholipase
A2. FEBS Lett. 2001; 509 (3): 399–404. PMID: 11749963
Pharmacological Effects of Hancornia speciosa Leaves
PLOS ONE | DOI:10.1371/journal.pone.0167531 December 1, 2016 19 / 19
